Rationale: Lumbar burst fractures are frequent injury resulting from high-energy trauma, and the patients suffer from pain and the neurologic dysfunction. Although minimally invasive techniques have advanced rapidly, it was the first time to apply transforaminal endoscopic combined with percutaneous pedicle screw fixation to treatment of lumbar burst fractures.
Introduction
Lumbar burst fractures are a common trauma, mainly resulting from traffic accident and falling from high places. The surgical management of lumbar burst fractures is a complex decisionmaking process, which the subtype of fracture, patient systemic conditions, and multiple comorbidities should be taken into consideration preoperatively, and still remains treatment challenges. The traditional open surgery is often limited to relatively complex indications and has several shortcomings such as postoperative pain, blood loss, and hospital stays. [1, 2] Hence, minimally invasive surgical techniques advance rapidly and show safe and effective in the treatment of burst fractures. [3] [4] [5] Percutaneous transforaminal endoscopy has been increasingly used in clinical applications during the past 20 years. In 1997, Yeung et al proposed the Yeung endoscopic spine system (YESS) as a minimally invasive transforamnial approach for the surgical management of lumbar spine disc herniation (LDH) and simple compression fractures. [6] [7] [8] In the early 2000, Hoogland et al [9] developed the transforaminal endoscopic spine system (TESSYS), which made it possible to remove a herniated disc using a lateral, transforaminal, endoscopic approach via the intervertebral foramen.
In 2014, we modified TESSYS for our own use and have applied it to treat over 1000 patients. Our technique substantially improves clinicians' operative vision and surgical efficacy outcomes, places more emphasis on exposure of the nerve root and the median part of spine canal, and offers a standardized procedure for complete decompression compared to the original TESSYS.
Here, we report on the use of our technique for the surgical management of a patient with Denis type B and Magerl type A3.1 burst fracture at L2, compression fractures at L3, left transverse process fractures at L1 and L3, left and right transverse process fractures at L2, spinous process fracture at L1, facet syndrome between the right facet joints at L1 and L2, partial loss of neurologic function, hematoma of the right kidney, lung contusion, and an injured calcaneus.
Case report
This study was approved by the Ethics Committee and institutional Review Board of the First Hospital of Jilin University.
A 33-year-old man with a history of acute traumatic injury presented to the emergency department of our hospital 6 hours after a fall from a height of approximately 10 meters with severe lower back pain, sensory loss, and atony of the right leg.
On physical examination, body temperature was 37.2°C, blood pressure was 134/73 mm Hg, heart rate was 72 beats per minute, respiratory rate was 21 breaths per minute, and oxygen saturation was 98 while the patient was breathing ambient air. The patient was conscious, but could not fully sit up or move his right leg. He had tenderness on percussion of the lumbar and right kidney region. On neurological examination, right lower limb muscle strength was 2/5, and the patient had superficial hypesthesia from the level of the inguen. Left lower limb muscle strength was 4/5, and no sensory abnormality was detected. The patient experienced a slight loss of feeling in the perineal region. No tendon reflex or central nervous system pathology was identified. The pain visual analog scale (VAS) scored 5 for the lower limbs and 10 for the waist. Routine blood test showed hemoglobin 105 g/L and hematocrit 32.6%. Routine urinalysis showed hematuria with an erythrocyte count of 640.
Computed tomography (CT) revealed a burst fracture of the L2 vertebral body, a bone fragment 7.4 mm in diameter that had breached the spinal canal (Fig. 1A) , compression fractures of the L3 vertebrae, and damage to the cortices of the left transverse processes of the vertebrae at L1 and L3, and left and right transverse processes of the vertebra at L2 (Fig. 1C) , the right interior facet and spinous process of the vertebra at L1, and the ipsilateral superior facet of the vertebra at L2 (Fig. 1D ). The patient also had hematoma of the right kidney, a lung contusion that resulted in hydrothorax, and an injured calcaneus. Magnetic resonance imaging (MRI) demonstrated that the bone fragment from the fractured vertebral body had projected into the spinal canal, directly compressing the dura mater from the right side.
The patient was diagnosed with Denis type B and Magerl type A3.1 burst fracture at L2, compression fractures at L3, left transverse process fractures at L1 and L3, left and right transverse process fractures at L2, a spinous process fracture at L1, facet syndrome between the right facet joints at L1 and L2, kidney contusion, and a calcaneus fracture.
The patient scored 8 on the Thoraco-Lumbar Injury Classification and severity score due to the burst and compression fractures at L2 and L3, respectively, incomplete paralysis of the lower limb, and damage to the posterior longitudinal ligament complex. Therefore, surgical treatment, including restoration of sagittal plane alignment, internal stabilization, and decompression, was recommended.
Published literature recommends delayed posterior open surgery in patients with burst fractures in the thoraco-lumbar region and partial neurologic function. [10] However, as delaying surgical intervention would have made locating and removing the bone fragment challenging, and a conventional posterior open surgery results in substantial trauma, a percutaneous transforaminal endoscopic approach and percutaneous pedicle screw fixation were considered appropriate for the management of this patient. Percutaneous transforaminal endoscopy can be performed earlier (within 72 hours vs 2-3 weeks after injury) than open surgery, without severe surgical trauma, or the need for general anesthesia, which allows spinal cord function to be monitored during surgery. Percutaneous pedicle screw fixation achieves spine stabilization and deformity correction. [11, 12] Early restoration of sagittal plane alignment was expected to result in automatic reduction of the bone fragment and realignment with its corresponding vertebral body. Failing this, removal of the bone fragment would be achieved using percutaneous transforaminal endoscopic corpectomy via a foraminal approach, instead of minimally invasive posterior keyhole corpectomy. [13] The first operative session involved percutaneous transpedicular instrumentation of the vertebral bodies at L1, L2, L3, and L4 under local anesthesia, guided by C arm fluoroscopy in the perpendicular plane. Vertebroplasty wires were inserted percutaneously through the pedicles as described by Wiesner et al. [14] Once the tip of the wire was in the anteromedial portion of the vertebral body, the stylet of the wire was replaced by a guidewire. Skin incisions were made after insertion of the guidewire. The pedicle was drilled using a sheath-dilator complex inserted along the guidewire. A cannulated screw (size 60-45 mm) was inserted into the pedicle guided by C-arm fluoroscopy in the lateral plane. The guidewire was removed, and perpendicular and lateral plane imaging were performed. Rods were tightened to the screws and the height of the vertebral bodies at L2 and L3 were restored. Postoperatively, the patient's lower back pain was decreased; however, it was still particularly prominent in the horizontal position. Physical examination revealed reduced tenderness and percussion pain over the lumber region, right lower limb muscle strength was 3/5, and numbness was restricted to the right calf and heel. All feeling in the perineal region was restored. A CT scan confirmed that the height of the vertebral bodies at L2 and L3 were restored to normal levels. However, the fracture fragments in the spinal canal and partial neurologic deficit remained.
At 1 week after injury, a second operative session was undertaken, involving reconstruction of the patient's spinal canal using percutaneous transforaminal endoscopic corpectomy. The patient was positioned in the left lateral position, a line across the spinous processes was marked, the space between L1 and L2 was identified by C arm fluoroscopy, and the intersection point of the line and the space was confirmed. The entry point was 10 cm to the right of the intersection point and 2 cm horizontal to the cranial side. After skin preparation and draping, local anesthesia was induced using 8% lidocaine injected with a 22-gauge needle and syringe, directed into the subcutaneous tissue, fascia, and facet capsule. A 16-gauge needle was inserted percutaneously directly to the tip of the superior facet guided by C-arm fluoroscopy (Fig. 2) . The puncture tract was dilated and foraminaplasty was performed using bone drills with diameters of 4, 6, 7, and 8 mm. A working cannula was inserted into the dilated tract through the foramen, and the distal end of the cannula was extended to the median part of the spinal canal until the cannula tip reached the posterior-superior end of the L2 vertebra, as visualized by C-arm fluoroscopy in the lateral plane (Fig. 2) . The bone fragment that was constricting the dural sac, and the right nerve root was identified and resected using a piecemeal method; the dura and nerve root were decompressed. Total operating time was 2.5 hours, and blood loss was approximately 30 mL. Physical examination on postoperative day 1 revealed the patient had no lower back pain in the horizontal position, right lower limb muscle strength had improved to 4/5, the patient reported no calf numbness or right lower limb pain, and the patient was able to walk at a slow gait for a short distance. On postoperative day 3, MRI revealed that the bone fragments had been completely removed from the spinal canal. In addition, the continuous signal of cerebrospinal fluid in T2-weighted suggested the decompression on spinal dura mater (Fig. 3A) and a restoration of space in spinal canal (Fig. 3C ). For further study on effect of operations, wedge angle (WA), regional kyphosis angle (RKA), and ratios between both the anterior and the posterior vertebral body height (APVBHr) were measured in CT as previous. [15, 16] As seen in Fig. 3D and E, WA between the superior and inferior endplate at L2 and L3 were preserved significantly from 5.9°to 2.0°, and from 2.5°to 1.0°, respectively. At the same time, significant increases (from 68.8% to 90.9%, and from 88.9% to 94.1%) were maintained at L2 and L3 compared with preoperative APVBHr, which demonstrated the restoration of fracture vertebral. RKA of burst fracture decreasing indicated the sagittal stability in region. In axial view of spinal canal, 33.4% region was liberated absolutely (Fig. 3F and G). MRI and CT scans revealed that vertebral body height obtained restoration and spinal cord compression was completely relieved. On postoperative day 14, the patient received surgery on his calcaneus. The patient was followed for 3 months after discharge. At the 3-month follow-up, radiological examination revealed no broken screws or nails and no loss of sagittal plane alignment. The patient had a significant improvement in neurological function. Most of the patient's sensory and locomotor function was regained, and he suffered no low back pain. The VAS scale of lower limbs and waist both decreased to 0.
Discussion
To our knowledge, this is the first report of a percutaneous transforaminal endoscopic approach combined with percutaneous pedicle screw fixation for the correction of altered sagittal plane alignment and a burst fracture. Percutaneous transforaminal endoscopy and percutaneous pedicle screw fixation are minimally invasive techniques that are associated with reduced operative time, cutting and detachment of fewer muscles, less blood loss, no need for general anesthetic, less postoperative pain, and an earlier recovery compared to conventional posterior open surgery. [2, 17] Published literature indicates that percutaneous pedicle screw fixation is appropriate for the management of thoraco-lumbar Magerl type A3 fractures [18] ; however, the fixation of type A3 fractures with neurological injury remains a controversial issue. If relocation fails, percutaneous fixation alone cannot offer effective spinal canal clearance and nerve decompression. We solved this dilemma using percutaneous transforaminal endoscopy.
Percutaneous transforaminal endoscopy is widely applied in lumbar surgery, including the management of lumbar stenosis [19] and cervical spondylosis. [20] In this case, the patient was suffering from pain and incomplete paralysis caused by a burst fracture at L2. There are no published reports of the use of percutaneous transforaminal endoscopic techniques for management of such trauma. L2 marks the end of the spinal cord and the beginning of the cauda equine. This suggests our approach is a potential option for decompression of all other lumbar segments, including L1.
Percutaneous transforaminal endoscopy and percutaneous fixation have gained popularity in the past few years. In China, due to the influence of traditional Chinese medicine and economic issues, conservative treatments appeal to patients more than radical approaches. To accommodate patients' preferences, Chinese clinicians have mastered minimally invasive techniques. The current case study suggests that percutaneous transforaminal endoscopy can be used to remove burst fracture fragments from the spinal canal, and the combination of percutaneous transforaminal endoscopy and percutaneous fixation may lead management of lumbar burst fracture in the minimally invasive era. In view of previous experience in percutaneous transforaminal endoscopy and the successful combination with percutaneous pedicle screw fixation, several tips were summarized as follows to apply 2 kinds of surgery more effectively, especially for endoscopy technology.
1. Lumbar burst fractures are often accompanied by sagittal deviation of the vertebral body, and the mechanical and anatomical structures of the spine should be restored firstly by percutaneous fixation. Then the percutaneous transforaminal endoscopy should be performed if compression on the spinal dura mater was still not moderated. 2. The percutaneous transforaminal endoscopy is suitable for lumbar burst fractures which tremendous compression exists in canal (ie, the transverse and sagittal diameter of compression mass are not greater than 15 and 10 mm, respectively, and the compression area is not greater than 50% in radiological evaluation) without vertebral dislocation.
